The role of equine chorionic gonadotrophin (CG, formerly termed Pregnant Mare Serum Gonadotrophin, PMSG) in maintaining equine pregnancy was investigated by examining the effects of this hormone on the maternal ovaries during early gestation and relating these findings to the receptor binding activities of CG in vitro. Measurement of plasma progestagen profiles in mares and donkeys carrying horse, donkey, mule (9 horse \m=x\\ s=mar s\ donkey) and hinny \ s=venus\ donkey \m=x\\ s=mar s\ horse) conceptuses confirmed that CG induced several secondary ovulations and thus maintained maternal progestagen concentrations. However, in mares carrying horse and mule conceptuses and in donkeys carrying donkey conceptuses the growth of the follicles that gave rise to the secondary corpora lutea occurred before CG was secreted and the CG did not express any FSH-like activity. Nevertheless, in donkeys carrying hinny pregnancies the CG secreted by the hinny conceptus stimulated massive follicular growth in addition to luteinization, presumably because of an enhanced sensitivity of donkey ovaries to hinny CG which, as demonstrated in previous studies, is a mixture of horse and donkey CG and hence has considerably more FSH-like activity than normal donkey CG.
Introduction
It is now well established that the gonadotrophin which is present in high concentration in the blood of mares during early pregnancy (pregnant mares' serum gonadotrophin: PMSG) is chorionic in origin (Allen & Moor, 1972; Allen, Hamilton & Moor, 1973) and that donkey, zebra and horse donkey hybrid (mule and hinny) conceptuses secrete a similar hormone (Calisti & Oliva, 1956;  King, 1965; Allen, 1969a ). We therefore propose that these hormones be referred to as chorionic gonadotrophins (CG) and we use this terminology in the present paper.
Studies involving bilateral ovariectomy in pregnant mares (Holtan, Squires, Lapin & Ginther, 1979) and measurement of progesterone concentrations in placental tissues (Short, 1959) have indicated that the equine placenta does not begin to secrete appreciable quantities of progesterone until after Day 80 of gestation. Before this, pregnancy is maintained by progesterone secreted by both the primary corpus luteum and one or more secondary corpora lutea which develop in the maternal ovaries from around Day 40 (Amoroso, Hancock & Rowlands, 1948; van Niekerk, 1973; Squires & Ginther, 1975) . The coincidental development of secondary corpora lutea with the commencement of secretion of horse CG at Day 40, together with the fact that this hormone expresses both follicle-stimulating hormone (FSH) and luteinizing hormone (LH) biological activities (Cole, 1936; Papkoff, 1974) , has led to the general hypothesis that horse CG stimulates the growth of accessory follicles and causes their ovulation or luteinization to form the secondary corpora lutea. However, Bain (1967) , van Rensburg & van Niekerk (1968) and others have reported considerable follicular growth in pregnant mares between Days 17 and 30 which is well before the first secretion of horse CG. Also, Evans & Irvine (1975) , Stewart (1978) and Allen, Stewart & Urwin (1980) have demonstrated that the wave-like increases in plasma FSH concentrations which occur at approximately 10-12-day intervals in the cyclic mare continue unchanged during early pregnancy. These findings, together with our recent observation that horse CG has an extremely low binding affinity for horse gonadal FSH and LH receptors (Stewart & Allen, 1979) , suggest that pituitary FSH rather than horse CG stimulates the accessory follicular growth that occurs during early pregnancy.
The apparent lack of gonadotrophic activity of endogenous CG is also demonstrated by the fact that, despite the major differences in maternal serum CG concentrations which occur between horses and donkeys carrying horse, mule or donkey conceptuses (Allen, 1969a ), ovarian activity, as evidenced by peripheral plasma progesterone concentrations, does not differ significantly between them. The donkey carrying a hinny conceptus forms a notable exception to the other three types of equine pregnancy, however, and in these animals, in which CG levels are 5-8-fold higher than in donkeys carrying donkey conceptuses, ovarian progesterone secretion rate is enormously increased with peripheral plasma concentrations reaching as high as 600 ng/ml (Allen, 1975; Sheldrick, Wright, Allen & Heap, 1977) .
In the present study we have further examined the gonadotrophic activity of equine CGs in equine pregnancy by comparing the relationship between gonadotrophin levels and ovarian activity in horse, donkey, mule and hinny pregnancies to the ratio of FSH-like to LH-like activities of the CG secreted by each type of conceptus. We have also investigated the binding of horse CG to donkey gonadal FSH and LH receptors.
Materials and Methods

Animals
Over a 3-year period serial plasma and serum samples were collected at approximately weekly intervals between the 1st and 24th weeks of gestation from a total of 30 Pony mares carrying normal horse conceptuses, 14 jenny donkeys carrying normal donkey conceptuses, 11 mares carrying mule conceptuses and 6 donkeys carrying hinny conceptuses. The samples were stored at -20°C until assayed for steroid and gonadotrophin concentrations as described below. The ovaries of 5 mature donkeys of unknown breeding history were collected within 15 min after death at a slaughterhouse and the ovary containing the ovulatory follicle was recovered at laparotomy from one donkey in mid-oestrus. In addition the testes of a 9-month-old donkey were removed under general anaesthesia. The organs were placed on crushed ice, the tunica albugínea removed, and the follicles, corpora lutea and pieces of testicular parenchyma dissected free and prepared for receptor studies as described below.
Ovarian activity was assessed during laparotomy under general anaesthesia, at slaughter, or by rectal palpation, at various stages of gestation in several animals carrying horse, donkey, mule and hinny conceptuses. Gestational ages were calculated from known ovulation dates or by fetal weight (Allen, 1970 ).
Tissue preparation
Testicular and corpus luteum tissues were chopped finely in an approximately equal volume of assay buffer (10 mM-sodium phosphate buffer, pH 7-4, with 0-1 M-sucrose, 5 mM-MgCl2, 0-1% BSA) at 4°C, homogenized in a hand-held glass homogenizer, filtered through 2 layers of butter muslin and centrifuged at 2000 g for 15 min. The tissue pellet was weighed, diluted to a concentration of 100 mg/ml assay buffer and stored at -20°C in 2-ml aliquots for receptor measurements and in 20-ml aliquots for competitive binding studies. Follicles were cut open under assay buffer at 4°C and scraped with a scalpel blade to remove the granulosa and theca interna cells. All follicles > 1 cm in diameter were pooled for competitive binding studies and, after receptor measurements had been made on a portion of the individual 'oestrous' follicles, the remainder of these were also added to the pooled material. The resulting cell suspensions were homogenized by hand if necessary and filtered, washed, diluted and stored as described for the testes and corpora lutea.
Hormones
Highly purified human LH (DEAE-I, 27/1/69; 2-83 mg NIH-LH-Sl/mg; Stockell-Hartree, 1966) , human FSH (LER 1575c; 144 mg NIH-FSH-Sl/mg; Reichert, 1972) and horse CG (PMSG-PM-19B; 2-0 mg NIH-LH-Sl/mg; 105 mg NIH-FSH-Sl/mg; Schams & Papkoff, 1972) were used for radioiodination throughout and as reference preparations in the competitive binding studies. Highly purified equine LH and FSH (E98A and E99B; Licht et al, 1979) were used to test specificity and cross-reactivity in the binding studies.
Radioiodination
Highly purified LH (DEAE-I) and horse CG (PM-19B) were iodinated by a 'mild' chloramine-T method (Stewart, Allen & Moor, 1976) . The FSH (LER 1575c) was iodinated enzymically using the lactoperoxidase method described by Cheng (1975) except that approximately one-tenth the amount of enzyme, half the amount of H202 and one-third of the reaction time were used. Care was taken to ensure that the specific activities of the labelled LH, FSH and horse CG were similar and within the range of 9-14 pCi/pg.
Assays
Immunoassay of equine CGs. Serum equine CG concentrations were measured by haemagglutination-inhibition assay as described by Allen (1969b) using a rabbit anti-horse CG serum (R260c) raised against highly purified horse CG (Ge27R2, 14 500 i.u./mg; Organon Ltd, Oss, Holland). The Second International Standard of Mare Serum Gonadotrophin (2nd IS-PMSG; Bangham & Woodward, 1966) was used as standard and the limit of sensitivity of the assay was 0-5 i.u./ml serum.
Progestagen assay. Progestagen concentrations were measured in a competitive proteinbinding assay based on the method developed for corticosteroids by Bassett & Hinks (1969) . Sephadex-stripped dog plasma was used as the source of steroid-binding globulin (SBG) and [l,2,6,7-3H]cortisol (Radiochemical Centre, Amersham, Bucks) as label. Plasma samples (0-2 ml aliquots) were heated at 60°C for 10 min, cooled, and then extracted with 20 volumes of petroleum ether (40:60 BP, British Drug Houses, Sussex) before assay. This extraction step provided specificity in the assay and avoided the necessity of having to use Chromatographie methods to isolate progesterone. Johansson (1970) demonstrated that petroleum ether extracts around 90% of progesterone from plasma but only very small amounts of other, potentially cross-reacting steroids such as cortisol and oestrogens. However, this solvent does also extract some metabolites of progesterone and we therefore refer to progestagen, rather than progesterone, concentrations throughout this paper. Free and SBG-bound fractions were separated on small Sephadex G-25 columns.
The limit of sensitivity of the assay was 0-2 ng/ml plasma and the intra-and interassay coefficients of variation 10-2 and 12-5% respectively.
Receptor binding measurements. Receptor binding activities were measured as described previously (Stewart & Allen, 1979 ) using 200 pi aliquots (^20 mg wet tissue) of tissue suspen¬ sion and approximately 40 000 c.p.m. 125I-labelled FSH and 125I-labelled LH or 80 000 c.p.m. 125I-labelled horse CG. The larger amount of labelled horse CG was used to compensate for the fact that its molecular weight (60 000; Gospodarowicz, 1972) is approximately twice that of FSH and LH. Initially, measurements were made with the labelled FSH, LH and horse CG added to several tissue concentrations. This was done to ensure that sufficient label was being added to saturate all available binding sites. However, in some cases the binding affinity of horse CG was so low that in view of the limited supply of highly purified horse CG available it was not practical to test for complete saturation. However, in these instances the reduction in binding was of at least an order of magnitude, and so any possible errors involved could not have had a significant effect on the overall result. Also, the percentage binding never exceeded 10% of the hormone added which gave a further indication of complete saturation. Incubations were carried out at 37°C for 14-16 h and non-specific binding was determined by the addition of excess unlabelled LH (10 pg NIH-LH-S6), FSH (10 pg NIH-FSH-P1) or horse CG (50 i.u. Folligon: Intervet Laboratories, Cambridge) to the assay tubes. Measurements were performed in duplicate for each tissue sample, using two tissue concentrations and repeated at least twice in separate assays. Two aliquots of tissue suspension were also assayed for DNA content as described below and the results expressed as pmol hormone specifically bound/pg DNA.
DNA assay. Samples of tissue suspensions were digested in 0-5 N-perchloric acid at 70°C for 30 min, diluted to 1 ml with 0-5 N-perchloric acid, centrifuged at 1000 g for 5 min and 0-8 ml of the supernatant was assayed for DNA by the standard colorimetrie method described by Burton (1956) .
Competitive binding studies. The relative binding affinities of the FSH-like and LH-like activities of horse CG to donkey FSH and LH receptors were measured by the techniques described previously for horse gonadotrophin receptors (Stewart & Allen, 1979 ). Because of the dual binding activities of horse CG, and because both types of receptor were present in the tissues being assayed, it was necessary to saturate, with excess unlabelled hormone, the FSH receptors when measuring LH receptor binding affinity and the LH receptors when measuring FSH receptor binding affinity (see Stewart et al, 1976; Stewart & Allen, 1979) . Also, since the initial binding of 125I-labelled FSH to both horse and donkey testis tissue was low and the non-specific binding relatively high, a receptor-rich fraction was prepared for these tissues. This was done by homogenizing the tissue in 25 mM-Tris-HCl buffer with 0-3 M-sucrose, pH 7-4, centrifuging the suspension at 15 000 g for 30 min, discarding the tissue pellet and centrifuging the supernatant at 100 000 g for 90 min. The resulting pellet was resuspended in assay buffer at a concentration of 100 mg/ml. Dose-response curves were constructed for the human and equine hormones using the different tissues and the binding capacity of each hormone was expressed as the amount required to displace 50% of the total 125I-labelled FSH or LH bound to the tissue in the absence of unlabelled hormone. Subsequently, the relative binding affinity of horse CG for the different receptors was expressed as a percentage ofthat shown by equine pituitary FSH and LH.
Results
Gonadotrophin and progestagen levels in pregnant equids
The mean plasma progestagen and serum chorionic gonadotrophin concentrations measured are shown in Text- fig. 1 . In agreement with the previous findings of Allen (1969a), fetal genotype exerted a marked effect on CG production; concentrations were high in mares carrying horse conceptuses and donkeys carrying hinny conceptuses, but much lower in mares carrying mule conceptuses and donkeys carrying normal donkey conceptuses. In all four types of pregnancy, plasma progestagen concentrations increased rapidly after ovulation (Day 0) to a peak in the second week of gestation. This represented maximum secretory activity of the primary corpus luteum and the fact that the peak was higher in donkeys (12-16 ng/ml plasma; Text-figs lc and Id) than mares (6-8 ng/ml plasma; Text-figs la and lb), irrespective of the genotype of the fetus being carried, probably reflected the dilution effect of the greater blood volume in the larger mares. Levels declined steadily between Weeks 2 and 5 in all types of pregnancy but then rose again sharply between Weeks 5 and 6, indicating the occurrence of the first secondary ovulation in conjunction with the start of CG secretion. In the mares carrying normal horse conceptuses (Text- fig. la ), progestagen levels then remained elevated for several weeks and only began to decline around Week 18 when CG concentrations had become very low. In the mares carrying mule conceptuses, where CG concentrations were much lower and reached baseline much earlier in pregnancy (Text- fig. lb) , the decline in progestagen levels also began much earlier in pregnancy, around Week 11. The further slight rise which started around Week 20 presumably reflected increasing placental progesterone secretion.
An earlier decline in progestagen levels from around Week 14, followed by a further rise at Week 20, was also seen in the donkeys carrying donkey conceptuses (Text-fig. lc ). However, in marked contrast to the other three pregnancy types, the progestagen levels in the donkeys carrying hinny conceptuses rose very steeply after Week 7 to reach extremely high concentrations (100-300 ng/ml plasma) by Week 9. Concentrations began to decline again around Week 17 but they nevertheless remained considerably higher than those in the other three pregnancy genotypes until term (Text- fig. Id ).
Since the elevation in progestagen levels which occurred between Weeks 6 and 17 of gestation in the horse and hinny pregnancies, and Weeks 6 and 11 in the mule and donkey pregnancies, was considered to provide a valid measure of the degree of maternal ovarian response to CG in each type of pregnancy, progestagen concentrations during this period were averaged and compared to the mean peak CG concentrations (Table 1) . These comparisons clearly demonstrated that, despite major differences in mean peak CG concentrations between the horse, mule and donkey pregnancies (112-6, 26-4 and 27-4 i.u./ml respectively), there was no difference between their mean plasma progestagen concentrations (9-7, 9-8 and 12-2 ng/ml respectively). Furthermore, a regression analysis of progestagen versus CG concentrations measured in 15 mares carrying normal horse conceptuses also failed to show any correlation (r = 0-18) between levels of the two hormones within this single pregnancy genotype. In the donkeys carrying hinny conceptuses, on the other hand, while the mean peak CG concentration (161-4 i.u./ml) was only 1-4 times higher than that in mares carrying horse conceptuses (112-6 i.u./ml), the mean plasma progestagen concentration (160-0 ng/ml) was 16-fold higher than progestagen levels in the horse and the other two pregnancy genotypes. 9-7 ± 0-54* 9-8+1-2+.
12-2±0·95
160-0 ±21-9* (ng/ml plasma) For *Weeks 6-17 and JWeeks 6-11 of pregnancy.
Ovarian development during early pregnancy Considerable follicular activity was observed before the production of CG and seemed greatest between Days 25 and 30 in all the pregnant horses and donkeys examined. But around Day 60, when CG levels were reaching their peak, a marked difference was evident between the horse, donkey and mule pregnancies on the one hand and the hinny pregnancies on the other. In the former group the ovaries showed less follicular activity than at Day 30 and they contained only 2 or 3 corpora lutea of normal size and, sometimes, a luteinized follicle (Plate lb). In the donkeys carrying hinny conceptuses, both ovaries were greatly enlarged and they were packed with many abnormally large follicles, corpora lutea and luteinized follicles (Plate la). These observations correlated well with the plasma progestagen levels measured in the 4 types of pregnancy (Text- fig. 1 and Table 1 ) and they also supported the previous observation of Sheldrick et al (1977) that the very high level of progesterone in the blood of donkeys carrying hinny conceptuses is ovarian in origin.
We showed previously that hinny CG possesses considerably more FSH-like activity than does normal donkey CG and is probably a mixture of horse and donkey CG (Stewart, Allen & Moor, 1977) . This led us to suggest that the ovarian activity seen in donkeys carrying hinny conceptuses may be stimulated by the 'horse' component of hinny CG which has a higher FSH activity than the CG to which the donkey is normally exposed during intraspecific pregnancy. To test this hypothesis, we compared the binding of horse CG to donkey and horse gonadal receptors. 
Gonadotrophin receptor binding studies
The ability of horse CG to bind to donkey gonadal receptors was investigated initially by measuring the receptor binding activity of LH, FSH and horse CG in 3 donkey tissues (follicle, corpus luteum and testis) and comparing the results to those obtained previously (Stewart & Allen, 1979) with rat, pig, cow and horse gonadal tissues (Table 2) . As expected, the binding of FSH to luteal tissue was extremely low and this could not be accurately measured for the cow and donkey. Horse and donkey gonadal tissues showed similar gonadotrophin-binding abilities which differed markedly from those expressed by the gonadal tissues of the non-equine species. Whereas the tissues of both equine species showed receptor binding activity for pituitary FSH and LH equivalent to that of the non-equine species, the binding of horse CG to donkey and horse gonadal tissues was minimal compared to the binding of this hormone to the gonadal tissues of the non-equine species. Furthermore, it was equivalent to only 2-4% of the binding shown by pituitary LH to horse gonadal tissues and 4-7% of LH binding to donkey tissues. In the non-equine species in which, in general, LH binding exceeded FSH binding, horse CG and human LH bound with equal efficiency (Table 2 ). (1979) .
A second experiment was undertaken to assess further the relative gonadotrophin-binding capacities of horse and donkey gonadal tissues. For this, the ability of highly purified human and equine FSH and LH and horse CG to displace 125I-labelled human FSH and LH from donkey gonadal receptors was measured and findings were compared with those obtained using horse gonadal tissues in the previous study (Stewart & Allen, 1979 ). These results, expressed as the amount of hormone required to displace 50% of the labelled hormone bound in the absence of unlabelled hormone, are compared with the equivalent figures for rat, cow, pig and horse gonadal tissues in Table 3 . The low degree of binding of horse CG to both horse and donkey LH and FSH receptors is shown by the large amount of hormone required to cause 50% displacement in the equine tissues (92-890 ng) as compared to the non-equine tissues (7-3-17-8 ng). The molecular weight of horse CG (60 000; Gospodarowicz, 1972) is about double that of FSH and LH and conversion of the figures in Table 3 to a molar rather than weight comparison revealed that horse CG bound with approximately the same affinity as human LH and FSH to the non-equine receptors although its binding to the equine receptors remained very much lower in all cases. When the binding of horse CG was expressed as a percentage of that shown by horse LH and FSH (Table 4 ) horse CG bound with approximately equal affinity to both horse and donkey LH receptors but with only 3-4% of the affinity shown by equine LH. However, while the binding of horse CG to horse FSH receptors was almost negligible (0-5% of equine FSH) its binding to donkey FSH receptors was about 7 times greater (3-6%) and hence equivalent to the binding of horse CG to horse (3-0%) and donkey (3-9%) LH receptors. Table 3 .
Discussion
Our observations in the present study on maternal ovarian activity during pregnancy in equids support the earlier suggestion of Evans & Irvine (1975) that it is pituitary FSH, rather than CG, which stimulates accessory follicular development. Considerable follicular growth occurs before the production of CG and, at least in horse, donkey and mule pregnancies, follicular activity is less marked during the period when CG is being secreted than earlier in gestation. Further, although a significant rise in maternal plasma progesterone concentrations occurs at Week 6 in response to the appearance of CG, there is afterwards no detectable relationship between the degree of luteal activity and the amount of gonadotrophin being secreted. For example, while CG levels in mares carrying normal horse conceptuses are 5 times greater than those in mares carrying mule conceptuses, ovarian activity, as measured by maternal plasma progestagen levels, is the same in the two types of pregnancy. Nevertheless, it would appear that although CG does not stimulate follicular growth it almost certainly does cause ovulation and/or luteinization of the accessory follicles. It may also help to prolong the life-span and maintain the secretory activity of the secondary corpora lutea so formed, because in mule pregnancies, in which CG secretion ceases much earlier in gestation, ovarian progesterone production likewise begins to decline earlier than in mares carrying horse conceptuses. However, the observations of Allen (1969a) and Mitchell & Allen (1975) that the corpora lutea often regress if the conceptus is removed from the uterus after Day 40, despite the continued presence of high CG concentrations in the blood, indicate that a factor(s) of fetal origin other than CG is involved in the maintenance of luteal function during the first half of equine pregnancy. The excessive enlargement of the ovaries observed in donkeys carrying hinny conceptuses supports the evidence of Sheldrick et al (1977) for an ovarian origin of the very high concentrations of blood progesterone. The total amount of luteal tissue in these animals was at least 10 times greater than that found at any stage in the other three types of pregnancy and the individual follicles and the corpora lutea were much larger (up to 6 cm in diameter) than those normally found in donkey ovaries (2-3 cm). Furthermore, the 10-fold rise in plasma progestagen levels did not begin until Week 8-9 of gestation, suggesting that several days were required for the large follicles to develop and ovulate.
Taken together these findings strongly indicate that accessory follicular growth in donkeys carrying hinny conceptuses is directly stimulated by the CG being secreted. This is quite unlike the situation in horse, mule and normal donkey pregnancies and it would therefore seem that hinny CG, but not horse, mule or donkey CG, is able to exert its FSH-like activity on the maternal ovaries. Hinny CG expresses considerably more FSH-like activity than donkey CG and it probably consists of a mixture of horse CG (FSH:LH ratio = 1-0) and donkey CG (FSH:LH ratio =0-1) (Stewart et al, 1977) . The ovaries of the jenny donkey would normally be exposed to very low levels of FSH-like activity when she is carrying a normal intraspecific donkey conceptus. As shown in the present study, donkey ovarian FSH receptors do have greater capacity to bind horse CG than do horse ovarian FSH receptors. Hence, when donkey ovaries are exposed to the much larger amounts of FSH-like activity expressed by hinny CG, they are able to respond and so become hyperstimulated.
From the available evidence it may be postulated that the horse has evolved a refractoriness to at least the FSH-like activity of its own chorionic gonadotrophin in order to protect its ovaries from being overstimulated during normal intraspecific pregnancy. The results of the present study indicate that a similar ovarian protective mechanism probably operates in the donkey although her ovaries are not as refractory to horse CG as are those of the horse. This has presumably arisen because donkeys are not normally exposed to horse CG during pregnancy and it is only when a hybrid hinny pregnancy is conceived, an unlikely event in nature due to the considerable differences in the patterns of courtship and mating exhibited by these two species (Klingel, 1975; Short, 1975) , that the otherwise successful evolutionary adaptation breaks down.
In conclusion we would propose that equine CGs do have some luteotrophic function in equine pregnancy, being necessary to cause ovulation and/or luteinization of pituitary FSH-stimulated accessory follicles and, in concert with other fetal factors, to prolong the life-span and secretory activity of the secondary corpora lutea. However, both these gonadotrophic functions are attributable to LH-like, rather than FSH-like activity and it is still unclear why equine CG should exhibit FSH-like activity, especially when such activity is apparently not required and may, in fact, be harmful.
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